S U MMARY The differential nerve block produced by ischaemia has been used in an attempt to identify the afferent nerve fibres responsible for vibratory inhibition of the monosynaptic reflex in man. It is concluded that the inhibition arises mainly from receptors in the lower leg and is carried by myelinated afferent fibres larger than A-delta.
Vibration of a limb in man results in a powerful inhibition of the monosynaptic reflexes of that limb (Hagbarth, 1973; Lance et al., 1973) . The degree of vibratory inhibition is altered after lesions of the motor system (Delwaide, 1973; Verrier, 1975, 1976) , but interpretation of this finding is limited as the mechanism of vibratory inhibition remains incompletely understood. In the experimental animal inhibition of monosynaptic reflexes can be produced by vibration of 50 ,um which excites only the spindle primary endings. The inhibition is accompanied by depolarisation of primary afferent fibres, it can be blocked by picrotoxin, and it can occur while the excitability of motoneurones to direct stimulation is unchanged. These observations led Gillies et al. (1969) and Barnes and Pompeiano (1970) to suggest that the effect resulted from presynaptic inhibition of Ia afferent fibres. Vibration of a muscle in man, however, is not such a specific stimulus and may activate the secondary spindle endings and Golgi tendon organs in addition to primary spindle endings (Burke et al., 1976) . Vibratory inhibition of monosynaptic reflexes in man could, therefore, result from a variety of presynaptic or postsynaptic inhibitory mechanisms. A knowledge of the afferent nerve fibres responsible for the effect would clarify this situation to some extent.
Ischaemia of a limb results in a differential block of nerve fibres, the large fibres being, in general, affected before the small ones (Lewis et al., 1931; Zotterman, 1933; Clark et al., 1935; Magladery et al., 1950; Hinshaw, study a sphygmomanometer cuff was applied I6 the leg below the knee and inflated above arterial pressure. Transmission in nerve fibres of various sizes was assessed at intervals either clinically or neurophysiologically to document the selectivity of the block. The degree of vibratory inhibition of the H reflex was measured simultaneously in an attempt to identify the size of the afferent fibres carrying this effect.
Methods
Studies were performed on seven normal subjects aged 26 to 39 years (mean 32 years). The subjects lay prone with the foot in a padded frame and the ankle joint fixed at 900. The compound action potentials of the soleus muscle were recorded with two surface electrodes. One electrode was placed in the midline just below the insertion of the heads of gastrocnemius, and the other 80 mm distally over the tendo Achilles. The action potentials were amplified (2 to 5 mV 10 mm), using a Tektronix 5A22N differential amplifier (with band pass 0.1 Hz to 0.1 MHz), displayed on a Tektronix 5103N storage oscilloscope, and photographed. The peak-to-peak amplitudes of the action potentials were measured from the photographs. When the subject was familiar with the experimental conditions a 'run' of measurements was recorded. The measurements included the amplitudes of the maximum M response, the maximum H reflex, the maximum H reflex during vibration, and the ATR. In addition the thresholds for touch, vibration, and pain were estimated. After three control runs had been recorded a sphygmomanometer cuff, placed just below the stimulating electrode in the popliteal fossa, was inflated to 160 mmHg ( Fig. 1 ). Runs were repeated at intervals of approximately 3 min until the ankle jerk was abofished. The cuff was then released and three further runs were made. The compound action potential of soleus resulting from supramaximal stimulation of the popliteal nerve (M response) was considered to represent the activity of all of the motor units of soleus. A reduction in the amplitude of the M response was considered to indicate failure of conduction in a proportion of the alpha motor fibres. This assumption can be justified as the muscle fibre and the neuromuscular junction are less sensitive to ischaemia than motor axons. (Magladery et al., 1950) , and there is little dispersal of motor conduction velocities during ischaemia (Hershey and Wagman, 1966; Ruskin et al., 1967 (Wallin et al., 1973) .
The endpoint of each study was taken when the ATR/H ratio became zero. At this time conduction in Ia afferent fibres was considered to have effectively ceased. Numerical values for the 'percentage of functioning fibres' were obtained as follows (it is recognised that non-linearities are ignored): the percentage of alpha motor fibres still conducting was obtained from the ratio of the M response at the endpoint to the initial M response. All touch afferent fibres were considered to be conducting when the threshold was normal (0.2 g) and none when the threshold was greater than 1.4 g. All afferent fibres carrying the sense of cutaneous vibration were considered to be conducting when the threshold was normal (2 Mm), and none when it was greater than 25 ,um. At the endpoint of the study an estimate of the 'percentage of functioning fibres' was obtained from the fraction: (maximum threshold-threshold at endpoint/maximum threshold-normal threshold %). The degree of vibratory inhibition at the endpoint was obtained from the H vibration/H control ratio at that time.
Results
The findings in a typical study are shown in Fig. 2 . The pooled data from the seven studies are shown in the subject experiences tingling in the extremity followed by sensory loss and paralysis which proceeds centripetally (Lewis et al., 1931) . These effects appear to result from the ischaemia rather than the deformation of the nerve (Lewis et al., 1931) . Thus failure of nerve conduction occurs in segments of the nerve distal to the cuff (Magladery et al., 1950; Caruso et al., 1973) ; the pressure to which the cuff is inflated does not appear to be important (provided it is greater than arterial pressure), and additional cuffs applied to the limb do not have cumulative effects. When the cuff is released and the nerve is no longer directly compressed, recovery of function is delayed if the blood supply to the limb has been occluded locally (Lewis et al., 1931) . Ischaemia of end organs is probably less important than ischaemia of nerve fibres. Thus the sensory abnormalities occur in a centripetal manner although all of the end organs are rendered equally ischaemic and muscle fibres will respond to direct electrical stimulation when motor axons have been blocked by ischaemia (Lewis et al., 1931) . It has been a consistent finding that, when a cuff is inflated around a limb, the sensation of touch is lost before that of discrete pain, and that dull pain and sympathetic function are the last to become affected (Lewis et al., 1931; Zotterman, 1933; Clark et al., 1935; Sinclair and Hinshaw, 1950; Landau and Bishop, 1953) . The large group I afferent fibres are also affected early (Magladery et al., 1950) . This has led to the conclusion that, in general, large fibres are affected before small ones (Lewis et al., 1933; Magladery et al., 1950) . Direct pressure on a segment of a peripheral nerve appears to result in a similar differential block both in animals (Gasser and Erlanger, 1929; Clark et al., 1935; Leksell, 1945) , and in man (Torebjork and Hallin, 1973; Mackenzie et al., 1975) . Although ischaemia affects large fibres before small ones the fibres do not fail exactly in order of size (Lewis and Pochin, 1937) . It is not possible, for example, to demonstrate a selective block of the larger alpha motor fibres before the smaller ones (Hershey and Wagman, 1966; Ruskin et al., 1967) .
The centripetal progression of the sensory changes after the inflation of a cuff around a limb could be most readily explained if the effects of ischaemia depended on the length of the nerve rendered ischaemic (Lewis et al., 1931) , and there is evidence that this is so. After a cuff has been applied around the upper arm for about 20 minutes, stimulation of the ulnar nerve at the elbow results in a contraction of proximal muscles (such as flexor carpi ulnaris) but not of the distal hypothenar group. The hypothenar muscles can nevertheless be activated by stimulation of the ulnar nerve at the wrist (Lewis et al., 1931; Magladery et al., 1950) . Under similar circumstances the sensory action potential recorded at the elbow in response to stimulation of the fingers fails before the sensory action potential recorded at the wrist (Caruso et al., 1973 ). An alternative explanation for the latter finding is that the proximal segments of an ischaemic nerve fail first (Lewis et al., 1931; Groat and Koenig, 1946a, b; Magladery et al., 1950; Fox and Kenmore, 1967) .
Although most of the reported effects of ischaemia can be explained on the basis of the length of the nerve rendered ischaemic and the greater susceptibility of large fibres, there may be additional factors. Motor fibres may be more resistant to ischaemia than sensory fibres (Magladery et al., 1950) , weakness may appear in flexor muscles before extensors (Lewis et al., 1931; Sinclair et al., 1971) , and changes may appear in the distribution of one peripheral nerve before another. Some of these differences may depend on the amount of direct pressure transmitted to individual peripheral nerves or their blood supply (Sinclair, 1948) .
For the purposes of the present study, the soleus muscle fibres and spindles were considered to lie under the recording electrodes. Since cutaneous testing was also carried out at the same level any effects attributable to the length of nerves rendered ischaemic have been ignored. As in the previous reports, ischaemia appeared to block conduction in large fibres before small fibres. The ankle jerk was abolished while discrete pain sensation, carried in A-delta fibres (Landau and Bishop, 1953; Mackenzie et al., 1975) , was unaffected. Touch sensation, carried in A-beta and gamma fibres (Mackenzie et al., 1975) , and the sense of rapid vibration, however, were affected earlier than would be expected on the basis of size. It is possible that the medial sural nerve, which supplies the cutaneous area tested, might have suffered a greater restriction of its blood supply than deeper nerves (Sinclair, 1948) , or that the tingling produced by ischaemia resulted in masking of sensation before the nerve was blocked (Nathan, 1958) . The present findings suggest that, although large fibres are in general more susceptible to ischaemia than small ones, the differential block cannot be too finely graded.
At the endpoint in the present study (when the ankle jerk was abolished) the largest muscle afferent nerve fibres were assumed to be virtually completely blocked. The large cutaneous afferent nerve fibres were considered to be moderately affected, the alpha motor fibres only slightly affected, and the A-delta fibres spared. At this time the inhibition of the H reflex by vibration of the tendo Achilles was greatly reduced. This suggests that the inhibitory effect is carried by large afferent fibres. The differential block produced by ischaemia in these studies, however, was insufficiently precise to distinguish between group I and group II muscle or large cutaneous afferent nerve fibres, and all that can be concluded with certainty is that afferent fibres that are larger than A-delta are responsible for the vibratory inhibition of the H reflex in man.
